Abstract-We present a simple and efficient way of tracking a Mobile Terminal (MT) using multiple antennas at the transmitter and the receiver. We consider the double directional model and use the Bayesian framework in order to estimate the speed and direction of the MT. We show in particular how to exploit the space dimension, inherently present in a MIMO system, to increase the estimation accuracy. In contrast to the majority of solutions that have been proposed so far for MT localization and tracking, this new method is suitable for a Non Line-of-Sight (NLoS) propagation scenario and employs only one Base Station (BS) l.
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I INTRODUCTION
Multiple-Input Multiple-Output (MIMO) systems have attracted much interest from an information-theoretic perspective, as it was proved that they increase the capacity linearly with the number of antennas [1] . In this paper we investigate how MIMO systems can be used in terms of localization. Antenna arrays have been extensively used in the past (at one or both sides of a communication system) for estimating the directions of arrival (DoAs) and/or the directions of departure (DoDs) of a signal (see for example the very appealing algorithms in [2] , [3] , [4] ). This utility of MIMO systems will play a key role in the proposed tracking method.
One of the major problems that arise when trying to estimate location or movement dependent parameters from measured channel impulse responses is the errors due to the presence of NLoS components. To improve the accuracy under these conditions, researchers have adopted two entirely different approaches: Mitigate the errors, by trying to reduce or completely eliminate the impact of these components [5] , or take these components into account and use the information contained in them to increase accuracy [6] . We will adopt the second approach, since this is the only applicable when there is no LoS component, a situation which is met often in real propagation environments. However, in contrast to most of the work that has been presented so far, in which a single bounce of the signal to any scatterer is the basic principle behind channel modeling [7] , [8] [9] . The authors also proved in [10] , that the double directional model encompasses the "Kronecker, "Muller', "Virtual Representation" and "keyhole' models as special cases (5) (6) (7) respectively. 3r is the initial phase of the signal froun scatterer I to receiving antenna k and k,,l is the angle between a line perpendicular to the antenna array and the wavefront's direction. vr and aYr are the receiver's speed and direction. The parameters ,L and ,)kj along with Vt and ctt can be defined in a similar way for the transmitter. Tkj is the unknown delay required for the signal to propagate from scatterer I at the transmitter's side to scatterer k at the receiver's side.
The factors 27K VrCOS(k c-v a)t and 2TL VtCOs(ik1-cvt)t in the exponents of the entries of the matrices b and 4' respectively, represent the shift in frequency due to the movement of the receiver and the transmitter (doppler effect). We are particularly interested in the entries of , since these depend on the speed vr and the direction ar, of the MT.
Although the analysis will be carried out for the general channel model, in our simulations we focus on Uniform Linear Arrays (ULA) at both the receiver and the transmitter. These are of practical interest and simplify our channel model (by reducing the number of unknown random variables), so that the (k, 1) entries of b and 4' become transmitted within the channel's coherence time 4. Each subvector is given by x, = [Ot x, o1t t I = V..., where x is the training symbol which is known at the receiver. This training sequence was derived in [11] and was proven to be optimal' for MIMO OFDM systems with cyclic prefix.
The discrete-time model describing the input-output relationship of a time-variant frequency-selective MIMO channel is:
( 1 1 Based on (14) a Maximum Likelihood (ML) estimator can be implemented to compute the speed and the direction of a MT. The ML estimator is actually equivalent to the Maximum A-Posteriori (MAP) estimator, since both the speed and the direction have uniform a-priori distributions. Let Pint be the vector containing the parameters to be estimated ("parameters of interest") and Prvi, be the vector of all the rest parameters in H ('nuisance parameters"). These two vectors will be explicitly defined later. Notice that so far no explicit categorization of the parameters has been made (except from the unknown amplitudes contained in 0 and the delays contained in r). One can define Pint to contain just the parameters that need to be estimated for tracking the mobile or even choose to include some nuisance parameters and jointly estimate all. Whether the Bayesian estimation, based on the marginal pdf, or the joint estimation will yield better results is not trivial to show analytically. Marginalization would require integration over a subspace with many dimensions and is not guaranteed to always result in high accuracy. On the other hand joint estimation would lead to an algorithm with very high computational complexity, since we would need to keep track of a multivariate density. Thus, we chose to sacrifice optimality for efficiency and do a step-bystep Bayesian estimation by recognizing that the DoAs ¢ and the DoDs +b must be estimated prior to or jointly with vr and a, for the tracking method to give accurate results. The proposed algorithm for a MIMO system is summarized below: For sake of simplicity, we assume that the BS is fixed, i.e. vt = Ot = 09. We further assume that the main lobe of the transmitting and the receiving antenna array is steered to a direction perpendicular to the array and has a beamwidth of 180°. 
